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摘 要 
I 
摘  要 
二氧化钛 (TiO2) 作为一种非牺牲的具有光生阴极保护效应的阳极材料，可
用于对金属实施有效的光电化学防腐蚀，对金属腐蚀控制有重要意义。提高 TiO2
材料对可见光的利用率和增强其光电转换效率，以及发展储能型 TiO2 复合材料
是实现光电化学防腐蚀实际应用的关键问题。 
因此，本工作主要采用半导体复合对 TiO2 进行修饰改性，通过构建同型或
异型的异质结构，或是级联型的三组分异质结构，提高 TiO2 薄膜的光电化学性
能，获得具有良好光生阴极保护作用的 TiO2 复合膜。主要研究内容及结果如下： 
(1) 发展阳极氧化和电沉积相结合的方法，成功制备了 WO3/TiO2 复合膜。
结果表明，沉积时间为 90 s 获得的复合膜光电转换效率最高，具有更好的光电
化学性能。当复合膜作为光阳极与 403 不锈钢（403SS）耦连后，白光光照下，
403SS 的电极电位比其自然腐蚀电位降低约 370 mV，说明复合膜具有良好的光
生阴极保护作用。由于WO3的还原储能作用，在光照转为暗态后，复合膜对 403SS
仍具有一定的阴极保护作用。 
(2) 以 TiO2 纳米管阵列膜为基础，应用水热法和电沉积法，合成了 SrTiO3
和 WO3 共同修饰的三组分 WO3/SrTiO3/TiO2复合膜。通过构建独特的级联能带结
构，WO3/SrTiO3/TiO2 复合膜具有较高的光生载流子分离效率，表现出优于单一
TiO2 纳米膜的光电化学性能。光照条件下，复合膜能使 403SS 电极电位显著负
移，界面电荷转移电阻变小，对 403SS 提供良好的光生阴极保护作用，并且具有
储能特性。 
(3) 通过水热反应及煅烧处理，从 TiO2 纳米管膜制备了具有 p-n 异质结的
NiO/TiO2 复合膜。经水热反应 1 h 并在 500 °C 下煅烧处理后获得的 NiO/TiO2 复
合膜具有较强的可见光吸收和较高的光电转换效率，可比纯 TiO2 纳米膜对 403SS
提供更好的光生阴极保护作用。特别是经 2.5 h 光照后的 15.5 h 内，复合膜还能
继续对 403SS 提供阴极保护作用，这可能是 NiO 利用空穴进行氧化储能的缘故。 
 
关键词：TiO2 纳米管膜；半导体复合；光电化学；光生阴极保护；403 不锈钢 
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Abstract 
II 
Abstract 
A TiO2 material may be used as a non-sacrificial anode and provide a 
photocathodic protection effect on a metal under illumiatnion without an extra power 
supply, which is great importance for corrosion control of metals. Improving the 
visible light absorption and enhancing the photoelectric conversion efficiency of TiO2 
materials are the key issues for the practical application and the future development of 
the photoelectrochemical anticorrosion. In addition, it is very important to develop the 
TiO2 materials with energy storage ability which could maintain the cathodic 
protection after the illumination is cut off. 
Therefore, in this work, the modifications of TiO2 films were carried out by 
coupling other semiconductors with the films. And the photoelectrochemical and 
photochcthodic protection properties of the modified TiO2 composite films with 
different heterostructures or a cascade type energy band structure were studied. The 
main progresses are listed as follows: 
(1) A WO3/TiO2 nanotube composite film was successfully fabricated by the 
anodization process and the electrodeposition method. When the composite film was 
used as a photoanode and coupled to 403 stainless steel (403SS) in a 0.5 mol/L NaCl 
solution, the potential of 403SS was about 370 mV lower than its corrosion potential 
under white light illumination. The composite film could provide an effective 
photocathodic protection effect for the 403SS. Because of the reductive energy 
storage ability of WO3, the composite film could provide cathodic protection after the 
light illumination was turned off. 
(2) A WO3/SrTiO3/TiO2 composite film with a cascade band structure was 
fabricated from the TiO2 nanotube array film by the hydrothermal reaction and 
electrodeposition. The separation efficiency of photogenerated electron-hole pairs was 
higher and the composite film presented a better photoelectrochemical property as 
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Abstract 
III 
compared to the pure TiO2 nanotube film. The potential of 403SS in a 0.5 mol/L NaCl 
solution was shifted negatively and the interface charge transfer resistance decreased 
when it was coupled to the composite film, which had a photocathodic protection 
effect and an energy storage ability. 
(3) A hydrothermal method followed by calcination treatment was used to 
prepare a p-n heterojunction NiO/TiO2 composite film from a TiO2 nanotube array 
film. The results showed that the composite film prepared by 1 h hydrothermal 
reaction and annealing at 500 °C exhibited strong visible light absorption and an 
excellent photoelectric conversion efficiency. The photocathodic protection of 403SS 
in a 0.5 mol/L NaCl solution by the composite film was better than that by the pure 
TiO2 nanotube film. The composite film could provide continuous cathodic protection 
for the 403SS for 15.5 h after 2.5 h illumination, resulting from the oxidative energy 
storage ability of NiO in the film. 
 
Keywords: TiO2 nanotube film; Semiconductor coupling; Photoelectrochemistry; 
Photocathodic protection; 403 stainless steel 
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